~" ORBUMP Power Supply

Design Review

Cezary Jach

W



elc] P mjs el JeLJrJI)rJom

0 Three 3)n magﬂetsm series — parallel :
- configuration

= Single magnet inductance = 1.8 uH (measured)

= Single magnet dc resistance = 34 uQ (calculated)
= Total load inductance = 2.7 yH

= Total load resistance = 51 uQ

hort stripline with maxim)zti;rrgiwanCEin-é&Q.H_""III

es In parallel, 75

fi ng maximum
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~ = Nominal pu@—a?iplﬂude =15 kA -
-~ Maximum pulse amplitude = 17.5 kA

= Maximum flat top duration = 50 psec.

= Pulse flathess = £0.5%

= Rise time
— Minimum = 30 psec.
— Maximum = 40 pusec.

aximum = 40 psec.



-___-__]\liha_l_ _reb'e‘ti‘ti"‘tm‘ rate = 15 Hz

= Pulse repeatability = £1%
= Undershoot
— Maximum amplitude = 5%
— Minimum duration = 10 usec.
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Fower SUooly Desigr Criter]zl
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—u- Se }_Sgn’s new SCR switch

= Utilize as many MPO1/MPO02 elements as
possible

= Utilize existing PFN inductors
= Fit existing ORBUMP power supply space

Wand utilities | —
WM onic reduction equipment




= Pulse amplitude =17.5 kA B

=6/2 A

rms

= Rise time (10% - 90%) =

33 uUs

= Fall time (90% - 10%) =

36 us

= Elatness = £012/ %

" Rulse width'="50 s




Switcr Assermnoly

= CT monitoring total
current

= Switch is assembled
and tes:ted

and tested



Criairgirig FPower suoolies
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charging power supplies .~ G|
needed |\ |

= Each supply is rated 3 KV,
6 A

= Need 2.05 kV, 3.35 A \
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(inductor self inductance In italic)
= Additional capacitors to improve rise time
= Coupling measurements planned

" 08pH  12pH 1.2 yH 1.2 pH |l
. orsuH 1.0 uH ,,.., T ———

. 90 uF 90 puF 90 uF - 90 yF 20 uF 20 pF

MF



= Available:
~— Capacitance.= 180 pF (2 x
90 uF)
— Voltage = = 2.85 kV
— Discharge Current
= Peak =17.2 kA
= Rms =500 A

= EMTP Simulations:
. — Capacitance =90 pF
= — Voltage = % 1L.661 KV
~ — Discharge'Current
" Peak = 8.3 kA
= Rms =250 A
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* Simulations:

L=0.8-—12uH
Current
= Peak =17.7 kA
= Rms =575A

= EXxisting Inductors:

S—

S
—

L=0.1-4.0uH
Q=1-6(1kHz)
Conductor size = 420 MCM
Water flow = 1.5 G__E’_M

Current
= Peak =40 kA
= Rms =1.37 kA




= Simulations:
— i —i G
— V=3.85kV

— Charging Current
= Peak =13 A
= Rms=10A

= MPO1/MPO02 choke:
— L=0.2H

. = V=5kV
- — Charging Clrrent
= Peak =80 A
= Rms =20 A




= Available:
— C =20 uE
— V=2,85kV
— Current

= Peak =1 kA
= Rms= 20 A

= Simulations:
— C =20 pyF
=\ =2.05 kV

- = Current
_ = Peak =1 7"A
" Rms= 7A




= Simulations:
— R=100Q
— V =3.85kV
1 _=16A
— P =250 W

= Available:
— R =100 Q
— V=89 kV

=327
— P =1000 W
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= Simulations:
— L=0.8mH
— V=18kV
— Current

= Peak = 1.3 KA
= Rms=155A

= MPO1/MPO02 choke:
— L=0.8mH

e~y
- — Current —
= Peak = 2.5 kA

= Rms =400 A

—
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= Same as MPO1/MP02
diodes

= lower |l ., | ., V

= Same assembly as for
charge recovery
diodes

max




= ORBUMP Charge
recovery diode

——

~ = MPO1/MPO2 Change
~recovery diodes




(2) 10MQ,CADDOCK # Ms244 HVE # C2634A161K

DESCRIPTION

(2) 1 uF, 2KVDC

N

(2) MO, CADDOCK ¢ Nsa16

<
DIODE FNAL SPEC. # 0350-ES-80013
PO # 542589
IFSM> 4.5KA
QRR< 1000uC
Verm> 4.5 KV

. PC CARD — FNAL DRAWING # 0350-ED-380041
2. LEXAN BASE — FNAL DRAWING # 0350-MD-380122
3. CLAMP FOR DIODE STACK, PO # 542598
. DIODE CHILL BLOCK, PO # 542598
. DIODE BUS BAR, PO # 542598
. POLYCARBONATE SPACER — FNAL DRAWING # 0350-MB-380022

DESCRIPTION OR SIZE

PARTS LIST

UNLESS OTHERVISE SPECIFIED CEZARY JACH 02/18/2002

TRACTIONS ‘nzcnms ‘mcus DRAWN LEE BALTES oz2/18/2002

i |7~ [crEcxen

APPROVED

USED ON
WITH ANSI Y146 STO'S.

MATERIAL
‘SURFACE

AutoCAD 2000 LT

SHE,  FERMI NATIONAL ACCELERATOR LABORATORY
UNITED STATES DEPARTMENT OF ENERGY

BOOSTER UP-GRADE
MFO01 / MP02 POWER SUPPLY
CHARGE RECOVERY/CHARGING DIODE

SCALE FINED | DRAWING NUMBER eV

NONE 0323-EC-282090
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480\ Equipment

480 V SAFETY SWITCH

DRAWN

DATE

REV. DESCRIPTION
APPD.

DATE

CONTROL PWR SWITCH PHB-PB-1 (26, 28, 30)

g FROM FEEDER

480 V CONTACTOR

3 KVA, 460/240/120 V
>TO CONTROL POWER

CONTROLS
47

0.25 KVA, 460/240/120 V

75KVA

480V, 1:1

DELTA/WYE
6%

— — —

POWER 4
SUPPLIES

500VA
80/120V

0.5 mH,100A

F—— g
_ _

POWER
SUPPLIES

ROSS RELAYS AC DRIVE

E‘
Z
=
=
&
5
54
=
=
€3]
Z

¢l

BW3
13.8KV/480V
500KVA

NOTES:

. 600V,125A TIME DELAY

. 600V,20A TIME DELAY

. 600V,1A

. FUSE HOLDERS BUSSMAN H60030-3

. POWER DISTR. BLOCKS BUSSMAN 16220-3

. 600V, 5 A

. Pull Boxes — Hoffman A-SE-18x18x8NK

b e ‘ DESCRIPTION OR SIZE

PARTS LIST

UNLESS OTHERWISE SPECIFIED | RIGINATOR C.JACH

05/31/05

FRACTIONS [DECHHALs [ aLES | DRAWN C. JACH

05/31/05

il S [ [cnecken

APPROVED

USED ON

MATERIAL

i FERMI NATIONAL ACCELERATOR LABORATORY
UNITED STATES DEPARTMENT OF ENERGY

BOOSTER UP-GRADE
ORBUMP POWER SUPPLY
480V DISTRIBUTION SINGLE LINE

NDNE 0323-EC-282192
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= Same system as for
MPO1 and MP02

= Effectively reduces
current THD from 40%
to 8%

= At 500 kVA
Sransiormer secondary

_yoltage IEBDeaucea
“from 19% to 1%




= Without

— Idot .., =700 Alus

max

= Not Needed

= \\/ithe e
" Z'ldot__ =600 Alus




= 4% vs. 15%
undershoot

= Clamp.is.needed

S ——




= =80 A

rms

i Tconduction = 40“8
_ dl/dt = 600 Alus
— Voo = 2050 V

= Design Concerns:
. — Choice of SCR
- — Snubber Design:
- — Trigger Design T . R T
— Timing



= Pearson Model 1423
= Sensitivity = 0.001 V/A +1/-0%
= 15V =15 KA




= 5 EM flex current
probes

= Sensitivity 1 mV/A
= 3kKA=3V
= Tested at 300 A, 15 Hz




Volteige Mornltoririg

(same as MP01/MP02)
= 300:1

W



= Electronlc C‘rbwb?r across a PFN capamtor =

‘:,___.-__..

In parallel' with Ross relay

= Additional Ross relay across a PFN
capacitor

= Ross Relay across charging power supplies

2:sec. delay) ——
oss capacitor

(T=100 sec.)
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- The Charglng—§u15plles are 3 KV dc and are

#—_

powered from 480 V ac.

= Terminals for the capacitor bank (potentially
2.25 kJ, 1 kJ nominal) and high voltage bus
(3 kV) are in the cabinet with 4 sets of

ﬂble doors. et
-I -
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er for the—system will come through a 480 V. safety
- -switch

= All'doors in the power supply cabinet and equipment rack
are interlocked to 480 V contactor

= Once 480 V power is removed, safety relays are dropped
In; two across the capacitor bank, one (2 second delay)
across the charging power supplies to prevent capacitor re-
charging >

esistive ground stick will be provi te, accomplishithe..

m N of e o ‘#

al inspection of the discharge resistors on relay

assembly




Orourno Corltrols

Use as much of MPO1/MPQOZ2 controls as
possible.




L car o2 usad frorr MIPOT/MPOZ

= Contact Interface Card.

= Signal Interface Card.
= Timing & Control with timing mods.

= Peak Current Sample & Hold with timing
mods.

"% Cap Bank.

Regul -r“‘-*:‘
gital Feedback Cards.
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e SCR SWiElle onitor wilneed o hE redone -
— totally. to.monitor the 5 SCR Switch signals for a no-fire.

— The Load Current will come from a single CT, not a
summation signal.

— The 118 Camac Module will need to be changed to a
C217 module.

— A C284 Module will need to be added for more status
readbacks.

iming Adjustments will need to be made for Peak
ample & Ho o

harge/F|re Pulses ?7?
— Chassis Front Panel Display for 5 SCR Switch monitors.
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— 1 06k$ Speﬁt_ﬁffﬁmmltted

= 8k$ estimated additional costs (electronics,,
cables, buswork, supports, etc...)

= Does not include Ken’s switch
= Does not include installation (electricians, -

. riggers) "“— . e T —

.




rroject Laoor szl

oes not include T&M
e e
= Technicians
— 13 man-months

= Engineers —
— 6 man-months total




~ = All'major parts are in-house. Capacitors are
R —

~ due at the end of August, but can be
substituted if needed.

= Switch — 100% complete
= Power supply rack — 90% complete

@tmls rack — 50% com R e —
cabinet — 0% complete




NS APACIOTS ———— — -
- =90 pF=5needed, 9 spares

— 20 uF — 3 needed, 2 spares
= Charging Power Supplies — includes MP0O1/MP02

— 10 needed, 3 spares

= Charging Chokes — includes MP01/MP02

— 3 needed, 2 spares

%&Tge Recovery Chokes — includes MED%
n

eed

spare SCR assemblies
= All smaII parts have spares in various quantities



Docurriarnteror

~ = This document

= Power Supp
= Power Supp
= Power Supp

y Checkout (in preparation)
y Power On (in preparation)
y Scale Factors and Test

Points (in preparation)
-omm|SS|on|ng Plan (in preparatlonz

TOCAD schematics
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gram,

= ORBUMP Power Supply Block Dia

~ ENAL drawing 0232-EC-282191

= ORBUMP 480 V Power Distribution Single
Line Diagram, FNAL Drawing 0323-EC-
282192

est MPOA/MPO2 schemﬁi'lcs will apply.
Ifi matics will be

done if necessary
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